Globally, sodium intake far exceeds the level recommended by the World Health Organization. Assessing health literacy related to salt consumption among older adults could guide the development of interventions that target their knowledge gaps, misconceptions, or poor dietary practices. This study aimed to develop and validate the Chinese Health Literacy Scale for Low Salt Consumption -Hong Kong population (CHLSalt-HK). Based on previous studies on salt intake and nutrition label reading in other countries, we developed similar questions that were appropriate for the Chinese population in Hong Kong. The questions covered the following eight broad areas: functional literacy (term recognition and nutrition label reading), knowledge of the salt content of foods, knowledge of the diseases related to high salt intake, knowledge of international standards, myths about salt intake, attitudes toward salt intake, salty food consumption practices, and nutrition label reading practices. Eight professionals, including doctors, nurses, and dietitians, provided feedback on the scale. The psychometric properties of the scale were assessed based on data collected from a convenience sample of 603 Chinese elderly adults recruited from Elderly Health Centres in Hong Kong. The 49-item CHLSalt-HK had a possible score range of 0 to 98, with a higher score indicating higher health literacy related to salt intake. The CHLSalt-HK had acceptable content validity; the item-level Content Validity Index ranged from 0.857 to 1.000, and the scale-level Content Validity Index was 0.994. Additionally, it had good internal consistency (Cronbach's alpha of 0.799) and good test-retest reliability (intraclass correlation coefficient of 0.846). The mean CHLSalt-HK score among those who were aware of the public education slogan about nutrition labels and sodium intake was higher by 3.928 points (95% confidence interval: 1.742 to 6.115) than that among those who were not aware of the slogan, which supports adequate discriminant validity. The validated CHLSalt-HK had acceptable content validity, acceptable construct validity, good internal consistency, good test-retest reliability, and adequate discriminant validity. The scale could be completed in 10-15 minutes and is easy to administer compared with the collection of PLOS ONE |
Introduction
Hypertension is a common chronic illness among older people. There is an essential need for population control of hypertension because it is a major contributor to cardiovascular disease. One of the effective ways to control hypertension is by reducing salt intake. [1] However, the daily salt intake worldwide, particularly in Asian countries, was approximately 9 g to 12 g, which is more than doubled the World Health Organization (WHO) recommendation. [2] Therefore, a population reduction in salt intake is of high priority. Reduction through individual and food industry interventions is recommended for the population control of hypertension. [1, 3] However, before developing interventions that promote behavioral change related to dietary salt intake, it would be useful to assess health literacy related to salt consumption among older adults, so that the interventions can be more targeted in terms of knowledge gaps, misconceptions, or poor dietary practices.
According to the United States Centers for Disease Control and Prevention (CDC), health literacy is defined as "the degree to which an individual has the capacity to obtain, communicate, process, and understand basic health information and services to make appropriate health decisions". [4] To date, there is no standard definition of health literacy, but a recent review reported that the following three domains were included in all of the definitions and concepts that were reviewed: functional literacy, factual and procedural knowledge, and awareness. [5] Adults who have low health literacy have difficulty understanding, processing and implementing the healthcare information that they receive, and they may ultimately fail to effectively manage their health. Another recent review showed that low health literacy was associated with poorer health outcomes and increased healthcare utilization. [6] Furthermore, older adults are at higher risk of low health literacy compared with individuals in other age groups. [7] In the context of health literacy related to low salt consumption, the basic health information includes the salt content of different types of food and the adverse effects of high salt consumption on health. The lay public may not even know the difference between sodium and salt. [8] Though sodium content is printed on the nutrition labels of prepackaged foods, individuals often have difficulties understanding the information available on the nutrition labels. [9] For foods that do not have nutrition labels, individuals must rely on the information obtained through public education, mass media, peer communications, or their own experiences to determine whether the salt content is high. However, the lay public was found to often perceive their knowledge level about dietary salt intake to be low to medium. [10] Furthermore, although the majority of people could associate high salt intake with an increased risk of kidney disease, only a small proportion were aware of the association between high salt intake and increased risk of heart disease or bone disease. [11] This often results in inappropriate decisions regarding the dietary intake of salt.
In Hong Kong, a city that has a rapidly aging Chinese population, the prevalence of hypertension among men and women aged 65-74 years increased from 52% and 55%, respectively, in 1995-96 to 66% and 70%, respectively, in 2003-04. [12, 13] It has been shown that the trends in stroke incidence coincided with the increasing trends in hypertension. [14] Meanwhile, the sodium intake of the local population far exceeds the level recommended by the WHO. In 2011, approximately 82% of postmenopausal women consumed more than 5 g of salt per day. [15] This proportion is quite similar to that found in an earlier study in 1995-96, which found that 78% of men and women in Hong Kong had a daily sodium intake of more than 2300 mg. [16] There is a lack of not only surveys about knowledge, attitudes and dietary practices related to low salt consumption in Hong Kong but also a validated scale on health literacy related to low salt consumption. On the contrary, studies have examined the knowledge, attitudes and practices related to salt consumption in the United States and Australia. [8, 10, 11] However, the results may not be generalizable to the Hong Kong population because dietary habits differ between Eastern and Western societies. Therefore, this study aimed to develop and validate the Chinese Health Literacy Scale for Low Salt Consumption-Hong Kong population (CHLSalt-HK) to facilitate the development of future interventions on the important public health issue of high salt consumption.
Materials and Methods

Target population
The target population was older Chinese adults. The inclusion criteria were as follows: i) being at least 65 years of age; ii) being a Chinese Hong Kong resident (i.e., living in Hong Kong for at least three months each year); and iii) having the ability to speak and understand Cantonese. The exclusion criteria were as follows: i) having cognitive impairment and ii) having any communication problems due to functional impairment (e.g., blindness, deafness, aphasia). The Short Portable Mental Screening Questionnaire (SPMSQ) [17, 18] was used to screen for cognitive impairment, and individuals who scored 7 or below were excluded.
A sample size of 540 subjects was required to support a ratio of 10 subjects per item on the scale to be validated [19] . Furthermore, assuming that 10% of the item-wise values would be missing, a sample of 600 subjects was needed. Among these subjects, 41 participants were interviewed again after two weeks to estimate test-retest reliability, and 40 participants responded to a self-administered questionnaire before they were interviewed (by a trained research assistant) to estimate inter-rater reliability.
Data collection
A cross-sectional survey was conducted in four randomly selected Elderly Health Centres (EHCs) in Hong Kong. The Department of Health has established 18 EHCs in Hong Kong to promote the health of Hong Kong residents aged 65 years and older through a multi-disciplinary team approach in a primary care setting. The services provided by the EHCs include health assessments, physical check-ups, individualized health counseling, health education and general outpatient services. EHC members receive a comprehensive health assessment upon their enrollment or renewal of membership. Members can also visit the EHCs for primary care services (e.g., annual influenza vaccinations, blood pressure monitoring) and secondary care services (e.g., medical consultations for influenza symptoms). We used a cluster sampling method to randomly select four centers out of the 18 EHCs, one from each region of Hong Kong (i.e., Hong Kong Island, Kowloon, New Territories East, and New Territories West). Because one of the randomly selected EHCs was too small to accommodate the research team, another center was randomly selected from the same region. Members who visited the selected EHCs from February to August 2014 were invited to participate in the study.
At the EHCs, convenience sampling was employed. After the EHC members were seen by the doctors and/or the nurses, the research assistants explained the objectives and procedures of the study, screened members for eligibility, and sought informed consent for the members' participation in the study. A travel card holder was given to each participant as a token of appreciation for their participation.
The instrument
A structured questionnaire was used during the interviews.
First, the CHLSalt-HK was validated. The draft version of the CHLSalt-HK was developed according to the three most common domains of health literacy identified by Frisch et al.: functional literacy, factual and procedural knowledge, and awareness. [5] Based on previous studies on knowledge, attitudes and dietary practices related to salt consumption and nutrition label reading in other countries, [8, 10, 11, 20] we developed similar questions that were appropriate for the Chinese population in Hong Kong. In addition, some myths about daily dietary salt intake [21] were covered as part of the knowledge domain. The questions covered the following eight broad areas: functional literacy (term recognition and nutrition label reading), knowledge of the salt content of foods, knowledge of the diseases related to high salt intake, knowledge of international standards, myths about salt intake, attitudes toward salt intake, salty food consumption practices, and nutrition label reading practices. The responses to the questions were in the forms of either a 5-point Likert scale or 4 multiple-choice options. For the Likert scale questions, a score of 2 was assigned to the most favorable option, a score of 1 was assigned to the next favorable option, and a score of 0 was assigned to the remaining three options. For the multiple-choice questions, a score of 2 was assigned to the correct answer, and a score of 0 was assigned to the remaining options. The total score was calculated by summing up the scores on each item. The draft version of the scale was reviewed by an expert panel of eight professionals, including doctors, nurses, and dietitians. To guide appropriate modification of the scale, each expert rated the relevance of each item on a 4-point Likert scale (1 = very irrelevant; 4 = very relevant). The item-level Content Validity Index (CVI) was calculated as the proportion of 3 or above ratings by the panel members, and an item-level CVI of 0.78 or above was considered as acceptable. [22] The panel also suggested additional items if they were not covered. An adjusted draft version with 54 items was developed and piloted with a sample of 17 elderly adults. Based on this pilot sample, the wording was fine-tuned to increase the readability of the questions and to minimize misinterpretations. The validation of the scale is based on this fine-tuned version.
Second, a validated Chinese Health Literacy Scale for Chronic Care (CHLCC) was included in the structured questionnaire to assess the convergent validity of the CHLSalt-HK. The CHLCC was developed to evaluate the health literacy level of patients with chronic illness, including diabetes, hypertension, chronic obstructive airway disease, and arthritis, and it has good psychometric properties. [23] The CHLCC assesses the following four skills related to chronic care: 1) remembering (i.e., the ability to read aloud terms that are often used in chronic care); 2) understanding (i.e., the ability to understand instructional messages); 3) applying (i.e., executing procedures in a given situation); and 4) analyzing (i.e., breaking materials into parts and determining how the parts are inter-related). Because both scales aim to measure health literacy among the Chinese population, they were expected to be correlated to some extent. However, though both the CHLCC and the CHLSalt-HK are health literacy scales, their focuses are slightly different; the CHLCC focuses more on medical instruction and medication-taking practices, and the CHLSalt-HK focuses more on daily life experiences. Therefore, the correlation should be low.
Third, data on demographics and medical history were collected from the subjects. The variables included age, sex, education level, and presence of chronic illnesses. In addition, the subjects were also asked whether they had heard of the public health slogan "Compare Nutrition Labels Side by Side to Choose the Lower Sodium Options," which was used by the Centre for Food Safety in Hong Kong to inform the public about comparing nutrition labels to reduce salt intake.
Statistical analysis
Descriptive statistics of the respondents' characteristics were tabulated. The mean and standard deviation (SD) of each respondent's CHLSalt-HK score were calculated, and the relationships between the scores and the demographic variables were assessed with either a t-test or a oneway ANOVA, depending on which was appropriate.
The scale's psychometric properties, including construct validity, content validity, internal consistency, test-retest reliability, inter-rater reliability, convergent validity, discriminant validity, and floor/ceiling effects, were assessed. The construct validity was assessed by a secondorder confirmatory factor analysis with categorical indicators. The model adequacy was assessed by the two-index combination strategy that was proposed by Hu and Bentler. [24] A model with a root mean square error of approximation (RMSEA) 0.06 and a standardized root mean square residuals (SRMR) 0.09 was considered adequate. A comparative fit index (CFI) was also calculated; values above 0.90 indicated an acceptable fit, and values above 0.95 indicated a good fit. [24] The content validity was assessed by an item-level CVI and a scalelevel CVI. The item-level CVI was calculated as the proportion of 3 or above ratings by the panel members, and a value of 0.78 or above was considered acceptable. [22] The scale-level CVI was the average of the item-level CVI, and a value of 0.9 or above was considered to be acceptable. [22] The internal consistency was assessed by Cronbach's alpha, and a value above 0.7 was considered to be acceptable. [19] The test-retest reliability was assessed by the Intraclass Correlation Coefficient (ICC) between the responses that were collected two weeks apart. The inter-rater reliability was assessed by the ICC between the responses collected through two different modes of questionnaire administration (i.e., self-administered vs. face-to-face interview). A two-way mixed effects, absolute agreement, single measure ICC was used. A value above 0.7 was considered to be acceptable. [19] The convergent validity was assessed by correlation analysis between the CHLSalt-HK and CHLCC scores. The discriminant validity was assessed by using the two-independent samples t-test to evaluate the following differences: 1) differences in the CHLSalt-HK scores between those with hypertension and those without hypertension and 2) differences in the CHLSalt-HK scores between those who were aware of the public education slogan and those who were not aware of the slogan. The standardized effect sizes of the differences were also calculated based on a Cohen's d. A value of 0.2 indicated a small effect, a value of 0.5 indicated a medium effect and a value of 0.8 indicated a large effect. [25] The floor or ceiling effects were assessed by the proportion of respondents who obtained the lowest and the highest scores. All analyses were conducted using SPSS version 20 (IBM Corp, Armonk, NY), with the exception of the confirmatory factor analysis, which was conducted using MPlus version 7 (Muthén & Muthén, Los Angeles, CA):.
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Results
A total of 908 elderly adults were recruited at the EHCs. Of those recruited, 258 refused to participate, and 47 did not complete the interview (i.e., the respondents left the EHC before the end of the interview due to other engagements). In total, 603 interviews were completed, with a response rate of 66.4%. Fig 1 shows the recruitment 
Construct validity
A factor structure with 54 items in eight first-order factors and one second-order factor was examined. However, the structure did not show adequate fit (RMSEA = 0.033, 90% confidence interval [CI]: 0.031 to 0.036; SRMR = 0.088; CFI = 0.871). Thus, the items with insignificant loading or with a loading of less than 0.2 in the first-order factors were removed from the model, leaving 49 items. The eight first-order factors were functional literacy (3 items), salty food knowledge (13 items), disease knowledge (8 items), knowledge of international standards (2 items), myths about salt intake (4 items), salt intake attitudes (7 items), salty food consumption (9 items), and nutrition label practices (3 items). Table 2 shows the 49 items in the eight first-order factors. The second-order factor was health literacy related to low salt intake. Model modification was driven by the modification index, which suggested that there was a correlation between the salt intake attitudes and the salty food consumption factors. The final model had a RMSEA of 0.033 (90% CI: 0.030 to 0.035) and a SRMR of 0.085, which indicates adequate fit. [24] The CFI was 0.901, which also indicates acceptable fit. This structure confirmed that all 49 of the items were measuring the same health literacy domain. Fig 2 shows the factor structure and the standardized estimates of the model.
Descriptive statistics of CHLSalt-HK
The final version of the CHLSalt-HK consisted of 49 items and had a possible score range of 0 to 98. A higher score indicated higher health literacy related to low salt intake. Our sample of elderly Chinese adults had a mean score of 60.042 and a standard deviation of 10.794. The median score was 61, the observed minimum score was 8 and the observed maximum score was 87. None of the respondents scored the maximum of 98 or the minimum of 0; therefore, floor or ceiling effects likely did not occur. 
Content validity
The final version of the CHLSalt-HK had an item-level CVI that ranged from 0.857 to 1.000 and a scale-level CVI of 0.994. Both the item-level and the scale-level CVI indicated adequate content validity. [22] Internal consistency
The 49-item CHLSalt-HK had a Cronbach's alpha of 0.799, which indicates good internal consistency. [19] However, the internal consistency of the eight factors ranged from 0.394 to 0.855; therefore, the use of subscales cannot be considered for this scale.
Test-retest reliability
A total of 41 respondents were interviewed twice, at least two weeks apart. The ICC was found to be 0.846 (95% CI: 0.707 to 0.919), which indicates good test-retest reliability.
Inter-rater reliability
A total of 40 respondents completed both a self-administered questionnaire and a face-to-face interview. Due to item-level data missing, only data from 38 respondents could be used to assess inter-rater reliability. The ICC was found to be 0.700 (95% CI: 0.457 to 0.839). Due to the wide confidence interval, the inter-rater reliability assessment was inconclusive.
Convergent validity
The CHLSalt-HK was significantly correlated with the CHLCC. The Pearson correlation coefficient between the two scales was 0.288 (p < .001). Convergent validity was not supported. 
Discriminant validity
The mean (SD) CHLSalt-HK score was 61.098 (10.376) among those without hypertension and 59.254 (10.990) among those with hypertension. Those without hypertension had a significantly higher CHLSalt-HK score than those with hypertension by 1.844 points (95% CI: 0.110 to 3.578). This difference was equivalent to a very small effect size (Cohen's d = 0.171), which indicates that there is a likely association between hypertension and lower health literacy related to salt intake. The mean CHLSalt-HK score also differed between those who had heard of and those who had not heard of the Chinese public health slogan "Compare Nutrition Labels Side by Side to Choose the Lower Sodium Options" from the Centre for Food Safety in Hong Kong. The mean (SD) CHLSalt-HK score was 63.140 (9.616) among those who had heard of the slogan and 59.212 (10.907) among those who had not heard of the slogan. Those who had heard of the slogan scored significantly higher by 3.928 points (95% CI: 1.742 to 6.115) than those who had not heard of the slogan. This was equivalent to a small-to-medium effect size (Cohen's d = 0.364), which suggests that there is an association between higher health literacy related to salt intake and more awareness of public health education related to low salt intake.
Discussion
The CHLSalt-HK is the first validated scale for assessing health literacy related to low salt intake among Chinese elderly adults in Hong Kong. The 49-item scale has a possible score range from 0 to 98, and a higher score indicates higher health literacy related to low salt intake. The results of this study indicate that the validated CHLSalt-HK has acceptable psychometric properties. It is more advantageous than using biomarkers or food diaries because it is easy to administer and only takes 10 to 15 minutes to complete. Based on the construct validity analysis, the item "I enjoy eating salty foods" was included in the "salty food consumption" factor. In contrast, the item "how often do you minimize salt intake" was included in the "salt intake attitudes" factor. However, combining the two factors or switching the two items did not improve the model fit. Instead, the modification index suggested the two factors "salty food consumption" and "salt intake attitudes" are correlated. This finding indicates that salt intake consumption and attitudes might not be distinct and may reflect the inter-relationship between attitudes and practices. Although the CHLSalt-HK had an eight-factor structure, the Cronbach's alpha was below the commonly accepted threshold of 0.7 for some of the factors. [19] There are many possible reasons for a low alpha value, such as too few questions, poor inter-relation between items and heterogeneous constructs. [26] We could not conclude that the factors had poor internal consistency; however, without evidence of acceptable internal consistency, we recommend that the total scale score be used instead of the subscale scores.
To explore the validity of the scale when it was self-administered, the ICC was calculated between the scores obtained when it was administered through a face-to-face interview and the scores that were obtained when it was self-administered. Although the point estimate just met the acceptable level of 0.7, the confidence interval was too wide to draw any conclusions about the validity. Further research is needed to reassess this property with a larger sample. There were two respondents with item-level data missing on the self-administered questionnaire. If the missing item was replaced by a score of zero, the ICC was even lower, which suggests that the missing values should not be included.
Although discriminant validity was established between those who had heard of the public education slogan and those had not heard of the slogan (with a small-to-medium effect size), the difference between the hypertensive and non-hypertensive groups was smaller than expected (with less than a small effect size). One explanation may be that the respondents who were diagnosed with hypertension received health education about disease management that included the lowering of salt intake, and this might have raised their health literacy. The next step should be to investigate the predictive validity of the scale. A follow-up study has been planned to examine the hypertension status of the respondents who did not have hypertension at the time of this study in one or two years. Moreover, a cut-off score on the CHLSalt-HK will be established to distinguish individuals who are at high risk for developing hypertension.
The convergent validity of the scale was assessed by the correlation between the CHLSalt-HK scores and the CHLCC scores. Although both the CHLSalt-HK and the CHLCC are health literacy scales, their focuses are slightly different. As expected, there was a low but significant correlation between the two scales, and thus, the convergent validity results are not very promising. To date, measuring 24-hour urinary sodium excretion is regarded as the gold standard for assessing dietary salt intake [27] . It would be worthwhile to establish the concurrent validity of the CHLSalt-HK with this measure. Given that concurrent validity has been established, the CHLSalt-HK could be a non-biological measure of dietary salt intake that is used as a tool to evaluate the effectiveness of salt intake reduction interventions.
From a public health literacy perspective, [28] excessive salt intake is no longer an individual preference or choice but a decision that is made by individuals or groups on the behaviors of individuals for the benefit of the community. Consuming too much salt in our daily diet increases the chance of developing hypertension, which has been shown to eventually cause cardiac diseases, a relationship that is well-established. [29] Moreover, evidence shows that the adverse effects of high salt intake not only increases the risks of cardiovascular diseases but also a wide variety of other diseases such as renal diseases, obesity, osteoporosis, and stomach cancer. [1] To support individuals in making the appropriate decisions related to dietary salt consumption, the initial step may be to build an individual's capacity to receive and interpret the health information on nutrition labels or educational brochures with dietary advice; that is, to improve their health literacy related to salt intake. Subsequently, community leaders could increase public awareness about salt intake and develop public discussions about the ways to reduce salt in food production, particularly in the food and catering industries. By now, reduced salt diets have been advocated for in different countries; however, their actual implementation has been rare. [30] The development of the CHLSalt-HK supports the first step in salt intake reduction among older Chinese adults in Hong Kong by enabling the assessment of their health literacy related to salt consumption in health screenings or health assessments, and it can be used to evaluate salt reduction interventions.
The CHLSalt-HK was developed in a sample of elderly Chinese adults in Hong Kong. Among the 49 items, 29 items were not related to specific foods. Among the remaining 20 items that mentioned specific foods, 13 items included foods that are globally available (e.g., sliced cheese, pizza, hamburgers) and only 7 items included Chinese foods (e.g., Guangdong BBQ pork, siu mai [a type of dim sum], oyster sauce, preserved meat/vegetables, Chinese style dried food). These culture specific items could be replaced with the salty foods that are common in different countries. Two nutrition labels were included in this scale to test the subjects' nutrition label reading skills. To use this scale in another city, the nutrition labels should be adapted to be the same format as what is most commonly used or what is required by law in the local context. For non-Chinese speaking communities, the scale can be translated to different languages with local adaptations. Interested parties should contact the corresponding author for the details of the questionnaire.
While elderly adults are the priority target group of salt reduction interventions, the health literacy of other age groups should also be addressed in future studies. In a sample of 72 Chinese subjects aged 18 to 64 years from another study (not published), it was found that the CHLSalt-HK has a Cronbach's alpha of 0.791, which indicates satisfactory internal consistency among individuals who are younger than 65 years of age. In the current study, the CHLSalt-HK was validated among elderly adults; thus, future studies may focus on validating the scale in younger age groups.
This study has several strengths. First, it involved a panel of eight experts in developing the CHLSalt-HK. Second, a large sample of 600 subjects was recruited to validate the scale. Third, a wide range of psychometric properties was assessed. However, there are limitations related to the study design. The results may be subject to selection bias because convenience sampling was used. EHC members might have higher health literacy than the general elderly population because they have access to primary health care. Additionally, the self-reported nature of the responses may be subject to response bias if the subjects did not wish to disclose their unhealthy dietary practices, such as the frequent consumption of salty foods. The Classical Test Theory was used to develop the scale; stronger approaches such as the Grounded Theory or the Item Response Theory should be considered in future studies. While ample questions on knowledge and awareness were included in the scale, only three items focused on functional literacy; thus, the functional literacy domain might be underrepresented in the scale. them, data collection would not be so successful. Special thanks go to Mr Cheung Sai Hei for his efforts on ensuring smooth running of the data collection.
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